The mortality risk of iron ore (haematite) miners between 1970 and 1982 was investigated in a retrospective cohort study ofworkers from two mines, Longyan and Taochong, in China. The cohort was limited to men and consisted of 5406 underground miners and 1038 unexposed surface workers. Among the 490 underground miners who died, 205 (42%) died of silicosis and silicotuberculosis and 98 (20%) of cancer, including 29 cases (5-9%) of lung cancer. The study found an excess risk of non-malignant respiratory disease and of lung cancer among haematite miners. The standardised mortality ratio for lung cancer compared with nationwide male population rates was significantly raised (SMR = 3-7), especially for those miners who were first employed underground before mechanical ventilation and wet drilling were introduced (SMR = 4-8); with jobs involving heavy exposure to dust, radon, and radon daughters (SMR = 4 2); with a history of silicosis (SMR = 5-3); and with silicotuberculosis (SMR = 6-6). No excess risk of lung cancer was observed in unexposed workers (SMR = 1-2). Among current smokers, the risk of lung cancer increased with the level of exposure to dust. The mortality from all cancer, stomach, liver, and oesophageal cancer was not raised among underground miners. An excess risk of lung cancer among underground mine workers which could not be attributed solely to tobacco use was associated with working conditions underground, especially with exposure to dust and radon gas and with the presence of non-malignant respiratory disease. Because ofan overlap ofexposures to dust and radon daughters, the independent effects of these factors could not be evaluated. 
Several epidemiological studies from the United Kingdom, Sweden, France, and the USSR have shown associations between haematite mining and lung cancer.'1-2 One large study of haematite miners from the United States did not show an excess risk for lung cancer. Recently, in a mortality study of haematite miners in Cumbria followed up from 1939 to 1982 Kinlen found no excess risk for lung cancer. '4 In a previous study from 1948 to 1967 in these mines an excess of lung cancer was found.2 Kinlen indicated that the risk for lung cancer in these mines had largely disappeared in recent years with the introduction of improved industrial hygiene measures. Most of these surveys suggested that the increased risk of lung cancer is generally attributed to exposure to radon gas. In China we undertook a retrospective cohort study to assess the risk of lung cancer among employees at two haematite mines, Longyan mine in Hebei province and Taochong mine in Anhui province. Limited environmental monitoring data and information on work history and cigarette use of study members were available.
Materials and methods

EXPOSURE ASSESSMENT
The ore mined at Longyan and Taochong has been predominantly haematite. Mining has been carried out at Longyan mine since 1917 and at Taochong mine since the 1940s. The potential for exposure has changed with the modification of mining procedures.
The introduction of mechanical ventilation and wet drilling at the Longyan mine in 1955 and the Taochong mine in 1963 reduced the concentration of total airborne dust, measured gravimetrically, from several hundred mg/m' to less than 10 mg/m' on average. Monitoring data from Longyan mine from 1971 to 1979 found average dust concentrations of 3-8 mg/m' (n = 4655; 1-8-9-2 mg/m') for mining and drilling operators and 2 7 mg/m' (n = 167; 1 2-3.0 mg/m') for loading machine operators.
During the period of the present survey, environmental measurements were made for chemical elements in settled dust by plasma spectrography, for 3,4-benzo[a]pyrene (BaP) by high performance liquid chromatography, and for radon and radon daughter content. In Longyan mine 28% of the settled dust and in Taochong mine 23% ofthe settled dust was iron. Titanium was found at greater than 0 015-036 ug/m') and for Longyan 0 03 pg/M3 (n = 7; 0-007-0 16 pg/M3). Concentrations among medium and heavy dust exposed workers in the two mines corresponded to BaP values of 0-04 (n = 4) and 0 07 = g/m' (n = 6). Table 1 shows the air levels of radon and radon daughters in the two mines in 1984. The annual effective dose equivalent (mSv) based on potential energy, breathing velocity (1 2 m3/h) and annual working time (2000 hours) for underground miners was lower than the allowable occupational limit for one year for related mines classified as having radiation exposure (mSv = 50), but was about fourfold higher than those recommended for residential exposure (mSv = 5) in China.'6 The concentration of radon (Bgmi') and radon daughters (Jm'3) underground (1028 Bgm ' and 317 x 10-8Jm 3; n = 38) in Longyan mine was much higher than the above ground concentration (19 Bgm-', 3 x 10-8Jm-'; n = 3). The air entering the underground mine was 60 Bgm-' and 21 x 10-8Jm-3 n = 1, respectively, for radon and its daughters, whereas the air being exhausted from the mine (n = 2) was 32-fold higher for radon and 13-fold higher for radon daughters. The level of radon and radon daughters at the working face was higher than at other areas underground. The calculation for low, medium, and heavy dust exposure, although based on few samples, indicated that the radon concentrations approximately paralleled dust exposure (table 2).
The study cohort was grouped by job title into unexposed and low, medium, and heavily dust exposed workers. The unexposed group consisted of above ground workers including office staff, non-ore transport workers, and electricians and mechanics who do not go underground. Workers, based on the job held for the longest period of time underground, with low exposure had jobs underground such as safety worker, ventilation worker, and storekeeper. Workers with medium exposure had jobs such as loading machine operator, conveyor operator, elec- had been exposed to silica dust above ground. This last exclusion was made to create a group of above ground workers not exposed to silica. By these criteria, 6444 subjects (Longyan mine = 5721, Tachong mine = 723), including 1308 non-exposed above ground and 5406 underground exposed miners (low exposure= 772, medium exposure = 1197, heavy exposure = 3437) were included for study.
Cause of death was generally obtained from the records of the pension department. For deaths from cancer, hospital medical records were reviewed to verify the primary site of the tumour and to determine the methods used for diagnosis, relying on the criteria for malignant tumour investigation in China.'7 Causes of death were recorded according to the ninth revision of the International Classification of Disease. '8 In China routine physical examinations including a chest radiograph have been offered since 1963 on an annual or semiannual basis to mine workers. According to criteria for diagnosis established in China in 1963, 1335 (24 7%) of the study group mine workers were diagnosed as having silicosis by review panels of specialists in occupational medicine and radiology. Of these silicotic subjects, 560 (42%) were diagnosed as having silicotuberculosis. Of the 4071 nonsilicotic subjects, only seven (0 2%) had tuberculosis. STATISTICAL Table 4 shows the crude death rates for underground and above ground workers for all and selected causes of death. Death rates were comparable for the two mines. Silicosis and silicotuberculosis were the major causes of death in both mines, being about eight times more frequent than lung cancer. The crude death rates for the Mortality results for lung cancer are presented in table 6 by mine, by level of exposure, and by first employment before and after the introduction of ventilation and wet drilling. The risk of lung cancer among unexposed workers was not raised, SMR = 1 2, although the result was based on only two cases. Among all exposed miners, the risk of lung cancer was raised among Longyan (SMR = 3 6) and Taochong (SMR = 4 2) mine workers and rose for both mines combined with level of exposure for low (SMR = 2 6), medium (SMR = 2 6), and heavily (SMR = 4 2) exposed miners. When the trend in risk is examined among the unexposed, low, medium, and heavily exposed, the increase in risk with exposure category was of borderline significance (X' = 1-93, p 0-05). When the trend was examined among the low, medium, and heavily exposed, ignoring the unexposed, the increase in risk with level of exposure was only moderate and statistically not significant (X' = 1-06, p = 0 29). When considering the risks associated with changes in ventilation, the numbers of cases are small, particularly among those initially employed after the introduction of ventilation. The risk for workers initially employed before the introduction of ventilation, SMR = 4-8, is higher than the risk for those employed after its introduction, SMR = 2-4, although the difference was not statistically significant (p = 0-08). For mine workers in jobs with heavy dust exposure, the SMRs are 4-8 (p < 0 05) and 3-5 (p < 0 05), respectively, for those ever and never employed before the introduction of ventilation. Environmental monitoring results for Longyan mine were available for dust, radon, radon daughters, and BaP. These results with the associated risks of lung cancer by exposure category are presented in table 2. Exposure levels for radon and radon daughters, but not for BaP, were higher in high dust level jobs. Table 7 presents the lung cancer mortality rates with respect to the presence of other pulmonary diseases. Silicotics had a more than fivefold risk of lung cancer (SMR = 5.3, p < 0-05) although, among non-silicotic subjects, the risk for lung cancer was also significantly raised (SMR = 2-9, p < 0 05). The difference in SMRs between silicotic and non-silicotic subjects was not statistically significant. Silicotic subjects with tuberculosis were at high risk for lung cancer (SMR = 6-6; p < 0 05). For silicotic subjects with heavy dust exposure, which comprised almost all of them the SMR = 5 0. Among miners without silicosis, the risk by level of dust was SMR = 1-2 for the unexposed, SMR = 2 8 for low, SMR = 1-5 for medium, and SMR = 3-6 for heavily exposed workers. The trend was not statistically significant (X' = 1-5, p = 0-14).
Among all cohort members, 4830 (75%) were current smokers, 1426 (22%) had never smoked, and 188 (3%) were ex-smokers (table 8). Among exposed miners who never smoked, one death from lung cancer was observed whereas 1-7 were expected based on national rates. Among current smokers, the SMRs by level of dust exposure were 1-6 (based on two cases), 2-4 (based on two cases), and 3-3 and 4-9, respectively, for unexposed, low, medium, and heavily exposed workers. The trend was of marginal statistical significance (X' = 1-89, p = 0-06).
Discussion
This study of mortality at two haematite mines in China shows an excess risk for non-malignant respiratory disease and a 3-7-fold excess for lung cancer among workers employed underground at the mines. Death due to non-malignant respiratory disease, particularly pneumoconiosis and pneumoconiosis with tuberculosis, was a major health hazard in these mines, being the cause of 46% of deaths. It was only possible in the present analysis to assess crude rates for death due to silicosis. Further detailed analyses are being planned.
The risks for total cancer and selected cancers other than lung cancer were not raised in the study group. The excess of lung cancer was limited to those working underground and was higher among those ever employed underground in the mines before the introduction of ventilation. Overall the risk for lung Silicotic subjects, particularly those with silicotuberculosis, were at somewhat higher risk of lung cancer than were non-silicotic subjects. The presence of these diseases may increase the risk of developing lung cancer as has been suggested by limited evidence from studies of silicotic subjects who had been employed as miners, quarry workers, foundry workers, ceramic workers, granite workers, and stone cutters.9 12 In this study an excess risk for lung cancer was shown to be associated with underground employment in haematite mines. Those with heavier dust exposure, those who had worked before the introduction of ventilation and wet drilling dust control measures, and those who had non-malignant respiratory diseases appeared to be at excess risk. Although the differences in risk were pronounced, tests for homogeneity of risk of lung cancer or for trend in risk of lung cancer often did not reach the established level of statistical significance (p < 0 05). Statistical differences in risk for lung cancer may, to some extent, have been attenuated by competing risk-that is, death due to silicosis, although small numbers of study subjects in some comparison groups undoubtedly decreased the power of these tests.
In summary, the present study has shown a clear excess risk for death due 
